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In general terms, the present invention includes a light emitting polymeric material, the light emitting polymeric material capable of I 
producing electroluminescence upon being provided with a flow of electrons, the light emitting polymeric material comprising a plurality 
of polymeric chains comprising polymeric chains each having substituent moieties of sufficient number and size and extending from the 
polymeric chain and about a substantial portion of the circumference about the polymer chain so as to maintain the polymeric chains 
in a sufficiently deaggregated state (referred to herein as a Strapped" polymer), so as to substantially prevent the redshifting of the 
electroluminescence and the lowering of light emission efficiency of the electroluminescence. 
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ELECTROLUMINESCENCE IN LIGHT EMITTING POLYMERS FEATURING DEAGGREGATBD 
POLYMERS 



This application claims the benefit of U.S. Provisional Application Serial No. 60/023,071 filed 
August 2, 1996. 
Technical Field 

The present invention is in the field of light-emitting polymers and light emitting devices 
5 produced therefrom. 
Background 

Conjugated polymer based light-emitting devices have become an extensive area of academic 
and industrial research since the report of electroluminescence (EL) in poly(phenylene vinylene) 
(PPV)in 1990 [I]. 

10 A great number of different conjugated polymers have been found to exhibit EL including PPVs 
[1-3], poly(phenylphenylenc vinylene) [4], polyphenylenes [5-7], polythiophenes [8-9], 
polyquinoltncs [10], polypyridines [11-12], poly(pyridyl vinylenes) [12-14] and many copolymers 
of these materials. 

(a addition to many different materials, numerous configurations have been used to change and 
15 improve device performance. For instance, the use of additional layers to improve device efficiency 
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has been known for some time [2,15]. Inserting a hole-transport (electron blocking) layer between 
the anode and emitting polymer or an electron-transport (hole-blocking) layer between the cathode 
and emitting polymer can greatly improve efficiency by confining the majority carrier to the 
emitting layer. A well known hole-transport (electron blocking) layer is poly(vinyl carbazole) 

5 (PVK) which has a large band gap (3.5 eV) and is itself luminescent [16-18], 

Despite these advances there remains a need for improvements in the electroluminescence 
performance of light emitting polymers. Particularly, there.remains a need to improve the 
performance of exip lex-forming bilayer devices so as to reduce or eliminate the redshifting believed 
to be associated with the aggregation of polymeric chains within the emitting polymer. . 

10 It is a goal of the present invention to produce light emitting polymer and light emitting polymer 
devices made which give light emissions having reduced redshifting. 

In view of the present disclosure or through practice of the present invention, other advantages 
may become apparent. 
Summary of the Invention 

15 In general terms, the present invention includes a light emitting polymeric material the light 

emitting polymeric material capable of producing electroluminescence upon being provided with a 
flow of electrons, the light emitting polymeric material comprising a plurality of polymeric chains 
comprising polymeric chains each having substituent moieties of sufficient number and size and 
extending from the polymeric chain and about a substantial portion of the circumference about the 

20 polymer chain so as to maintain the polymeric chains in a sufficiently deaggregated state (referred to 
herein as a "strapped" polymer), so as to substantially prevent the redshifting of the 
electroluminescence and the lowering of light emission efficiency of the electroluminescence. 
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it is preferred that the polymer of the present invention comprises polymeric chains selected from 
the group consisting of alternating and random copolymers, having comprising the structure: 



10 

wherein m is the degree of polymerization; 

Y is selected from the group consisting of -CH 2 , O, S, CO and NR 2 wherein R is an alkyl group 
containing 1 to 16 carbon atoms; 

A, is selected from the group consisting of (CHj),,, (CH 2 CH 2 0) n , (CH 2 CH 2 0) n NR wherein R is an 
15 alkyl group containing 1 to 16 carbon atoms, and aryl groups having 6 to 14 carbon atoms; 

B is selected from the group consisting of (CH 2 ) n , aryl groups having 6 to 14 carbon atoms, and 
calixarene having 1 8 to 200 carbon atoms; 

wherein u may be of a value independently selected from the group 1 to 6, inclusive; 
wherein w may be of a value independently selected from the group 1 to 6, inclusive; 
20 wherein n may be of a value independently selected from the group 0 to 6, inclusive; and 
wherein Z may be a structure selected from the group consisting of: 
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wherein R is an alkyl group containing 1 to 16 carbon atoms, 

wherein Y is selected from the group consisting of -CH,, O, S, CO and NR 2 wherein R is an alkyl 
10 group containing 1 to 16 carbon atoms; 

B is selected from the group consisting of (CH^, aryl groups having 6 to 14 carbon atoms, and 
calixarene having 1 8 to 200 carbon atoms; 

wherein u may be of a value independently selected from the group 1 to 6, inclusive; and 
wherein w may be of a value independently selected from the group 1 to 6, inclusive. 

The electron transporting polymer may include polymeric chains selected from copolymers 
having the structure: 



is 
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The light emitting po lymeric ^ may a|so be ^ ^ s . ng|e ^ wtayw or o(hCT ^ 
bye devices, using me pdvmeric materia. of presen , invention . „ ^ ^ rf , ^ 
polymeric ,ay.r device, .he po^meric materia, of .he presen, i„vc„.i„„ ma y „ UMd „ ^ 
transporting/electron b.ocxing , ay er. „ a. case of . bilay „ „ ^ ^ 

5 materia, of .he presen. invendon ma y be used as the dec,™ ttnnspordng ,ay.r in conjuncdon with 
en electron blocking .oyer of ano.be, a Ppropriate ^ „ migh , ^ ^ ^ ^ ^ 

consisting of poly(vinylcarbazole). 

The presen. invendon also hCudea a Ugh, —Bfc. device comprising » Ugh, emitting polymeric 
materia, according ,o *« presen. invenUon in .1, of I* embodiment, and a source of Cectrica. 
•0 cruren. so as ,o sopp.y me ligh, emitting deivce ^ . flow of ^ 
electroluminescence from the device. 

Odter examples ofsynm.de methods are described in reference 27 below. 
These device, maybe consumed in accords with tfcposiUon and assembly techniques known 
in me art The present invention may be used in .he Creadon of a wide variety oflighdng and 
>S lighted displays, giving the many advantages associated wim polymeric materials. 

In accordance wim the presen. invention, results are presented for bilayer devices using PVK as a 
hole-harapor. layer and a family of copolymers of PPV and polyfpyridyl vinylene) PPy v with 
various side groups as .he emitting lay ers. The absorption, photoluminescence and 
electroluminescence spectra indicate that the PL and EL are attributed to me formation of an 
- « a. dre PVK/copo.ymer interface for al. me copolymer systems s.udied. An exciplex. like an 
excimcr. is an excited state complex, excep. .ha. an exoiplex is formed between <wo diffcren, 
~lccu.es (polymers in mis cure) rather than idonUcal ones for an excimcr [1 9). Contrary .o 



6 



c 



WO 98/05693 PCT/US97/13417 



expectations, earlier reported devices do not exhibit exciplex formation. For example, Greenham et 
at reported a bilayer device with CN-PPV and PPV, but the EL matches the PL and EL of a single 
CN-PPV film [3]. Results for other bilayer configurations also do not support exciplex formation 
[2]. Osaheni and Jenekhe [20] have observed exciplex formation in bilayers of PBO and TTA, but 
5 only for PL, although they do suggest that exciplexes may be important processes in organic light- 
emitting devices [20-21]. PL and EL due to exciplex formation has been reported in blends of PVK 
and a multiblock copolymer by Karasz and coworkers [17], but devices with separate layers were 
not investigated. 

Brief Description of th» nr fl ^ ngfi 
10 Figure 1 depicts three chemical structures relevant to the present invention: (a) a copolymer of 
PPyV and PPV with side groups R^C,^ or COOC 12 H M , (b) a copolymer with side group 
R 1 «OC l6 H 33 and strap R 2 =C,oH 2< „ and (c) a hole-transport layer poly(vinyl carbazole). 
^ Figure 2 depicts plots showing absorbance of a single layer of PVK, a single layer of copolymer, 
and a bilayer of PVK/copolymer: (a) PPyVP(COOC l2 H 2J )2V, (b) PPyVP(C I2 H 2J ) 2 V and (c) 
15 "strapped" copolymer. 

Figure 3 shows photoluminescence of (a) PPyVP^.jH^V film (dashed line), 
PVK/PPyVP(C, 2 H 23 ) 2 V bilayer film (solid line), PVK film (O) (b) PPyVP(COOC, 2 H 2J ) 2 V film 
(dashed line). PVK/ PPyVPfCOOCuH^V bilayer film (solid line), PVK film (O), and (c) 
strapped copolymer film (dashed line), PVK/strappcd copolymer bilayer film (solid line), PVK film 
20 (O). 
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Figure 4 show, .^U,^ (soIid for , (<} [T0/pvK/ ^ 
dc,cc anda(b)IT0 .VK/ S ^ ped ^ lymer/AldeviM ^ ptetoi ^^ (tehediiiKs)ar 
bilayer fitas of PVK and (a) PP y VP(COO C|! H^V and <b) suapped copolymer . 

Figure 5 shows curren, density-voltage characterise (O, and b righUl ess-vo tage charades 

s ofamTO/PV^VPCCOOCH^VMUavic. shows a comparison het^enasmgrc 
.ayer. (TO, PPyVPecooCH^WA,, device (D) ^ ^ bj , ayw ^ (Q) ^ ^ ^ ^ 

10 times brighter at 10 times lower eum.nt • , . 

lower current density ,mplymg a 100 times improvement in efficiency. 

Detailed Descrintinn of ^ r p r f fefWfl Em bodiment 

In accordance with the foregoing summary of the invention, the following presents a detailed 
10 description of the preferred embodiment of the invention which is presently considered to be its best 
mode. 

Tne synthesis of the PPy VPV copolynters is desert elsewhere [22]. Figure .(., shows .he 
molecular suture of po.y(pyndy. vioy,e n , phmyltM vinylene) (ppy vpy) ^ ^ ^ for 
copolymers with side groups R-COOC, ,H M and C„H„. Figure ,(h) shows «h. same copolymer 
l 3 wid,.., ta p» across .he ph.„y ln „ ginlUtematef>pVsegments F<K ^ ^ ^ ^ 

eroups arc P.,=OC,.H H with a strop R^c,^. The copolymers arc soiub.e in common organic 
solvents sueh as tetrahydrofuran (TOP), xylene, end chloroform. The PVK (Fig. .(c)) was 
purchased from Aldrich Chemical Co. 

The PL and EL measurements were made using aPTIQMI luminescence spectrometer. The 
=0 absorption measurements were made using a P wki „ Elmer UmMa 19 wmMBL spcclr0TOter . 
The currcnt-voltage characteristics were measured using two Keithley 195A multimeter, The 
voltage was applied using a HP 62 18A dc power supply. Quanta emciency measurcments were 
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made using a calibrated QTH lamp and a United Detector Technologies Silicon Photodiode (UV- 
100). 

The samples for PL and absorption measurements were spin cast on quartz. PVK was spin cast 

(-3000 rpms) from a 10 mg/ml solution in THF. The copolymers were all spin cast (-1000 rpms) 

5 from xylene (~ 10 mg/ml) so the underlying PVK layer was not dissolved. For devices the 

polymers were spin cast on indium tin-oxide (ITO) substrates, which had previously been cleaned. 

The PVK layer in the bilayer configurations was dried for - 30 seconds in a laminar flow hood 

before the copolymer layer was spin cast All fabrication steps for the devices were conducted in an 

ambient atmosphere in a Class 100 cleanroom. Aluminum electrodes were thermally evaporated 

10 onto the copolymer surface at low pressures (^lO^torr). The active area of the devices was 7 
mm'. 

Results and DjaCJlSSjfll] 

. Figure 2 shows the absorbance for single and bilayer systems. Each of the plots shows the 
absorbance of a single layer of PVK, a single layer of a copolymer, and a bilayer configuration of 

IS PVK and the corresponding copolymer. The onset of PVK absorption is at 3.5 eV and shows two 
spectral features at 3.6 and 3.75 eV similar to previous reports [6,7]. In each of the three cases (a), 
(b) and (c) of Fig. 2 the absorbance of the bilayer configuration is the sum of the absorbance of each 
of the individual layers. No new ground to excited state transitions are present. Photoluminescence 
excitation (PLE) results (not shown) for each of the systems confirm these results. 

!0 The photoluminescence for the single layer and bilayer configurations are shown in Fig. 3. The 
PL (excited at 3.6 eV) of a PVK film is shown in Fig. 3a, 3b and 3c by the open circles (O) and 
peaks at 3.05 eV similar to previous reports (6,7]. The dashed line is the PL of a single layer film of 
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each eopo.yme, W PPyVP^V. (b) PPyVP(COOC„H 2J >, V and W stmpped copo.ymer 
W. spec.™ » simitar with each of ft. p^fa « - 2 , eV ^ ^ excepUon rf fc ^ 
copolymer which aiso has a signify, shoulder „ 2 . 23 eV . ^ pL „ ^ ^ ^ 

peak .car 2.6 eV [23], arc significant redshifted from ^ rf ^ ^ pj _ ^ ^ ^ ^ 
redshift fan solution „ fi, m is due „ aeSKguim ,„ ^ copolymer ^ pj] 

The solid lines in Fig. 3 are the PL spectra for the bilayer configuration, of PVK and each of the 
copolymers, to each case the bilayer fitas were excited a. 3.6 eV an energy that is greater than the 
bandgapofPVK. ~ch c^e, m0re pro min cnUy in Figs. 3b and 3c. is PL emission at the 
same energy as the PVK PL emission (3., cV). However, the main feature in the PL of me bitayer 
films is located at 2.5 cV for (a) PPyVP^H^V and (b) PPyVP(COO Cl! H Ij)3 V and a, 2.4 .V 
for the (c) swpped copolymer. Emission a. these energies is no, obs^v* for individual films of 
either PVK or th, copolymers indicating tha, the emission is due to a completely different sp «iea. 
.he exci P ,ex. When the excitauo, energy is lowered bc.ow 3.4 eV (band ga„ of PVK) the emission 
due » th. „ cip .cx is drasucally reduced, to addition, varying the conceturation or thickness of the 
copolymer o, PVK films in the bilayer configuration will change-the relative strengths of the 
exciplex peak and PVK peak. 

PPyVPfC, jHa)! V and PPyVPCCOOCH^V have nearly identical PL results, which is 
expected since the side chains tend to perform the same function in both copolymers. The aingie 
layer PL results for the strapped copolymer in Fig. 3c show a completely new feature, a high energy 
shoulder. The high energy shoulder is closer to th. solution PL and is attributed to unaggregated 
si.es in the fi,„, The C, 0 H M strap around every other phenyl ring tends to disturb the aggregation 
that occurs in the other copolymers of this family. The same shoulder (now on the low energy side) 
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also appears in the bilayer film, indicating the PL has contributions from exciptex sites and from 
unaggregaled regions of the strapped copolymer. 

The bilayer devices have turn-on voltages - 12-16 volts with current densities between 0.1 and 
0.5 mA/ram 1 The devices can easily be seen in a brightly lit room and have internal quantum 
5 efficiencies ~ 0. 1-0.5%. Figure 5 shows the current-voltage (O) and voltage-brightness (solid line) 
characteristics for a typical ITO/PVK^PyVPCCOOC.jH^V/Al bilayer device. The inset of Fig. 5 
shows a comparison between a single layer device (ITO/PPyVPCCOOC.jH^V/Al) and the bilayer 
device shown in the main plot. The bilayer device is ten times brighter at an order of magnitude 
lower current density which means the bilayer device is ~ 1 00 times more efficient than the single 
10 layer device. 

In the devices the electrons are injected from the Al electrode into the conduction band of the 
copolymer, but they are confined at the PVK/copolymer interface due to a large barrier. The holes 
mjected from the ITO also may be confined at the interface by a somewhat smaller barrier. The 
increased number of electrons and holes in the interface region increase the probability of 
15 recombination via exciplex emission. In addition the buried interface severely reduces the non- 
radiative recombination that otherwise will occur near the electrodes. 
Conclusion 

In summary, the present invention demonstrates the presence of exciplex emission in 
hetcrojunctions of PVK and PPyVP(R),V. The addition of a C I0 H 20 strap on every other phenyl 
20 ring in the copolymer reduces the aggregation in the films. Emission from the strapped copolymer 
bilaycrs is a combination of light from exciplex and unaggregatcd sites. The exciplex is the primary 
method of electroluminescence in the bilayer devices. The bilayer devices we have fabricated show 
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. .00 increose in efficiency compared (o s . n8ie iayw ^ te ^ ^ confiMmem ^ 

exciplex emission at the interface. 

The following references are hereby incorporated herein by reference: 
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The contents of u.S. Provisional Patent Applicadon Serial Number 60/025.07. are hereby 
incorporated heroin by reference. 

In view of the present disclosure or through precdee of the preaen. invendon. i. will be within the 
ability of one of ordinary skii. «o make modifications ,0 the pre s ,„ t invention, such as tmough me 
us. of eouivalen. a^ngements and compositions, in order to practice «he invendon wimou, 
depardng from the spirit of the invendon as reflected in the appended claims. 
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INTRODUCTION 



Conjugated polymers have attracted much attention due to their electrical conductivity, 1 interesting 
optical, 1 nonlinear optical/ and more recently dectroluminescent properties. 4 Since their discovery in 1990, 
polymer-based light-emitting diodes (PLED) have been investigated intensively for potential applications in 
flat pand displays. PLED generaUy have the following advantages: 1) long terra stability, 2) ease of 
fabrication. 3) wide spectral range. Poly(phenylene vinylene)s (PPV) are among the most studied PLED 
polymers and are most often prepared by eUmination reacrions on precursor polymers. Particularly interesting 
ppy derivatives are those with electron-poor cyano-substituted vinyl groups. These materials showed higher 
efficiencies in bilayer structures.* Inspired in part by Una later work, we recently reported the synthesis of all 
of the rcgioisomers of pdy(methyl pyridinium vinylene (PMPyV), a very electron poor isoclectronic analog of 
PPV 5 It has been demonstrated that PMPyV, its parent polymer poly(pyridyl vinylene) (PPyV)» and other 
analogs are promising materials for the construction of LED devices. 4,7 In those devices, environmentally stable 
metals such as Al. Cu and Ag were used as electron injection electrodes. As a continuation of our 
investigations of new PPV analogs, we report herein the synthesis and properties of copolymers comprised ot 
alternating units of poiy(pyridyl-2,5-vinylenes) and poly<2,S-<fisubstituted phenylene vinylene) which we 
abbreviate as PPyV-PDPV. In this paper we describe the synthesis of those copolymers under Heck coupling 
conditions. 10 

Our interest in PPyV-PDPVs was further stimulated by their structural similarities to known liquid 
crystalline rigid polyesters* The preparation of such sdf-or^aniangstnictuxes is of interest for the study of 
the factors which control the conducting and electroluminescent properties of these materials. We also 
anticipated that some of the PPyV-PDPVs may exhibit novel electronic and self-assembling properties 
as sociated with their alternating strongly electron-rich and electron-poor structures. Recent photophysical 
studies? have shown that the photoluminescent properties of conjugated polymers are highly dependent on 
their solid state organizations In most cases conjugated polymers show greatly reduced photolununescent (PL) 
quantum efficiencies in solid state relative to those obtained in dilute solution. This reduced efficiency is 
believed due to the strong interchain interactions which provide rapid nonradiative decay mechanisms. To 
reduce interchain interactions we have prepared the macrocycle containing copolymers PPyV-MPDPV. 



R 9 
PPV PPyV PPyV-PDPV PPyV-MPDPV 
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RESULTS AND DISCUSSION 

Synthesis 

The syntheses of V-flvinytoyridiBe end the m .~~™r 
previously found that by using Pdf^iSfT .?° DCycJ, . C moOQra « « described in Scheme i u, 
vinyltributylrin selectively at t^more ^J^^" * ^bfonMwriSnT CI) 

Fu^ re«rion with 2 «t *e S-poat^n^ ./STj ^ 

PdOPPhjX.m the later put of our studies While the r V*» by an eoe-«ep reaction catalyzed b* 

J^c^nylrtbutyltin (4 eq.X it offer, ^W^£*?ZZ^}^** <> d*,,^ a 

43% evenU yield was obtained for the two tJ^^^t^^!^ 6 m im P™ved yi«!drf«0% / 1 
reduced pressure, to give * mixture of vinylS^^L^?^ °« requires first a *sdllSonunder 
resulting nuxture by flash column cluxax^S V2?r T^ 2 ' Purification tfle 

Monomer 3 was polymerized with thertKmi^i 1^ JT d in by NMR) 

punficanoo in order to avoid free radical «Svme£^!?.^ re * cdon Prions immedUtdVafli 
be stored for a period of one «nS i„^^^^ ^ Dilute CH a a, solutio^ of7c^,d 

(c^decanc^)-2.5^uodobeiene macrocydfc ^oZZZZftZ* ^«°8»phed before u^T^.Ti 
2^ to ^^»>^*«ure^SU^ by . WiluamsoTcicr 

^Sr^r™ * , ° W,y to * ~^P^ o?^^?/ -n ^ ** eomm «i*«y mailable 
P»rtod of three days. The high dilution condition. «L. !T • W in * cetone via a syringe pump over . 
-^ntial arnoant (15%) otZun^^^^^^^f^^ formation ff s?no^£ [ 

(5.95). S.OA ^pound 5, was the fin, fraction s^^TSvTvS «*r™*°S»P»y (^Vhexanc 
H end^C NMR in conjunction with m„„ .ZZl~^ ^ StnjCtUres 01 5 and a were 



cr^i^' CT" 8 3,W88U * fim and isolated in 25* 

conflnnedby Hand C NMR i„ conjunction with mas, spectre^ 



B 



Br 



1.2eq.^.SnBu, 

PcKAaPhj^ 
THF, 25°C 



2 



2.0 eq. 



THP, 55°C 



,SnBuj 




3 



4.0 eq. 



SnBuj 



P<kPPh 3 ) 4 .THF 
55°C, 4 days 




KjCOj/KI * 
acetone 
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polyme* coning cfi^tutS^^SnS tSdSZT w 
Monome* 7., 7b and 7c were reuiUylyUeslJ I vuiSS^S^S!? , !? (<X ^^"8) «Mide». 
to fonn polymer, Sb. and Se JL^SS^SH S?C oSSSS°S. ^ 
cam, the precimtatioo of EtJsTT wu observed Am^iTLj • ^ JW&jfcCI, * catalyst In all 

cxxipungieactiona, we used modified conditions for tne^r»^^^! J^T l ™ p,ov f * e eflRaeDc y of the 
included, mixed solvent system consisting tf] \S^tSlS^l ^ • n ,a " d 9b The * cations 

which appeared to be aTi SvIcaXt "J""* < 1:1 >. for «»P~ved solubility. and Pd(P(o. 




7a, R-OCjjHjj 
7b, R-CjjHu 
7c, R-COOCuHj, 



PdCPPhj^Qj (PdOj, PCo-tolyOj) 
EtjN, DMF/xylene 



8a, R-OC l4 H J3 
8b,R-C, a H 35 
*e, R=COOC, 2 H- 



W"25 




9a, R-OC l4 H 3 , 
9b, R^jjHj, 



Scheme 2 



weight which is consistent with the ZSSm^i;.. *• find that Sa displays a higher molecular 
polymermthe reaction solvent %L SSS SZl^^^^T "* ** »8her solubility of 
to the increased steric hindr^ ti^^^^tS^i^ ^ 8band ^ ^'iWy due 

provided . minor improvement to Ae^nthSrf nSJn^TSLfi^. ^« mixed solvents 

alternative catalyst, WO^dvit^^T^Zf? 3 ^ ^However by using the mixed sol vent with the 

related pdymTS. jSfftS^fS ££TlSiS£Lt ^JL*' § m0iCCU,ir over the 
wimmethaooL Polymer, «T» ScmKmJZJ^? P^P«^on from acetone sod Soxhlet extraction 
toluene whereas pofiZtb «ffL^e ZZ*Z ^ C80 ^" « CH 3 n, THP, and 
strongly in solution! ^ SOiubIe °* polymers are highly colored tnd fluoresce 
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Table 1: Raa 
Isolated yield 


mlta of Polymerization 




8a 

8b 
8c 
9a 
9b 


95% 
88% 
90% 
97% 
98% 


Ma 

21,000 
5.600 
9,500 
22.000 
40,000 


Color 
daricred 
yellow 
orange 
bright orange 
bright yellow 



Proptrtits 

a ™^Tif?^j£ t ^ arcrcadiJ y P"*mated with aqueous HCl. Thi, transfbnnatiou is 

ZZZTZZZZSZT !2° r ? han8e(e - 8 ' » da* P«Pl« for polymer 8.) which is due .o^Sedono!- 
Z2E^m£filT£* dW f m .f StrUCttOT - ft optical transition, involve a cSrge 

«^from toe donanng disUcoxy phenyl maeiies to the pyridine residue which is stabilized by protonSon 

SSofchl^T^ * ""^ ^ " CH^giva polymer 11 which * KB* 

similar color changes. Table 2 hsts the absorption maxima for all the neutral and canonic nclvmers ah «f .kZ 
TS* f ^°T dM ? ^8 red duft, relative to their neutral fc^o^^ ? th^S^^ 
?JjgfJ^£°y t *.^" g * «h"8etnnsfer nature, the magnitude of the shifts are cons£eTw?uTu£ 
deem* donatmg (or w,thd«wmg) .bilitiea of the aide chains. Consequently, the largest shift, Teriserved for 

^u^^ff ff!T?*? d ft *"» (ab) effeaT The UV- Vi7sp^na of 

polymers 8. after protonaUon and methylation (11) are shown in F.gure 1. The neutral polymer (ta^Splay, 

la^of^Z^nnT 11 ' " *• Pr0to,ttted ^ - hy, « tod (omt «P— ^ 





Scheme 3 
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Tat 2; UV-vis Data for Neutral and Protocatcd Po>.,acrs 



X— (nm) 



XJ^— (obi) 



AX (am) 



8a 
8b 
Se 
9a 
9b 



466 
408 
426 
46S 
443 



537 
450 
452 
532 
502 



71 
42 
26 
67 
59 




300 



400 



500 



600 



700 



800 



Figure 1. UV-Vn spectra of polymer 8a (a), the protonated form (8a:H*) (b). and polymer 11 (c). 

DSC analyaia of the potymen showed no detectable phase transitions up to 330*C. However, variable 
temperature x-ray diffraction studies (Figure 2) indicate that polymers 8a and 11 display liquid crystalline 
phases at elevated temperatures. The mesophases are of the lamellar Sanidic (E) variety" in which the 
polymer chains exhibits "boaroMike* biaxial organization in the layers. Based upon the lack of wide angle 
peaks, we conclude that 8a has very weak interpolymer correlations. We therefore label polymer sa t 
mesophasc as a disordered Sanidic Mcthylation of 8a produces a greatly enhanced (100) riifftactioo and 
creates a new reflection at 3.47 A which indicates a stronger interaction between the polymer chains. We 
bdieve that tins additional order originates from interpolymer chaige-transfer interactions (Scheme 4). Due to 
the additional wide angle peak at 3.47 A in polymer 11, we assign this material as an ordered sanidic phase (E 
jL ™*?? < tin T T "' Qf " 1 0f ?* niation « novd »n« it creates a precise registry between polymer chains. 
Other PPV denvaUves generally only have nematic order between the polymer chains. The incorporation of 
nucrocydes in the monomers diminishes co-facial chain-chain interactions. XRD studies of polymers 9a and 9b 
show only weak (uffiactioo characteristics of a very low degree of organization. 




OR 



Scheme 4 
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20 

Figure Z X-ray (Effraction at 200OC of polymer Sa (top) and polymer 1 1 (TfQ- salt) (bottom). 

CONCLUSION 

Pdymoa la, ib, and fc have been shown to be promising materials for the lubrication of LED devices. 
However, the dectroluminescent quantum efficiencies of these materials are stHl low. As mentioned earlier, this 
ia in part the remit oi the interchain tntenctiona. However, the high degree of charge transfer interaction 
between polymer chains in ll*s E, phase is novel and should result in other interesting etectrooic 
The maorocyde containin g polymers 9a and 9b, were designed to overcome the problem of interchain 
qoanoniag. Indeed, the initial pbotohnaineiceot atucfice oo these potymen thow improved efCctencieiand the 
detailed pbotophytical jtudies are currently under way. 
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XxraUMKNTAL 



All experiments were earned out under anna atmamhM. 
somum/tenzophenone. DMF wen dried over ah^ M «^JT^£?* ^ ™ *««««<« from 
T^and !7b» were prepared ^^^^,^^1^ M Vinyltributyltin." and 4." 
pieviouily reported iotennediate. 2,5^bromopyrimnefAldri*hY PHr££T% WM P"P*red for * 

PdO, w„ used a. received NMR spec** ■ fffiVr?^^^ (Aldlich > " d 
UV-vi, spectra were obuined using Hewlett PackaniiJsT s^^T S« (250 MHz) »Pectrometer. 
HPXL solvent delivery system widt a RI-1 refl^^L^SSTf w ^J"" P"**"* «" » **inin 
Molecular weights are reported relative *££^£E£^ * G *° 
2J-Divinvl Pyridine ov A tup /i/vT_t w T nM ' . 



™" ,C P««"» relative to polystyrene standards. <mumn. 

"reflux for 5 day* After ZotaTof £f ly ro^^no^ S? 1 ^ 8 ° * ^ "™ 
distillation under reduced pressure to remove! nLZZttE*^' rcsuJnn « rcaidue was subjected to 
resuUng^aiwasfurt,^^ vinyluibutyin. The 

adearli,uid(,.55g,80%). 'H NMR (CDQ,) S S 43 O^HlTS^ m ' f^^" ,:!0)to » ve3 « 
6 05 (d, 1HX 5.64 (d, lift 5.32 (d, £ £ X Myf ' «*- ? ***- <S - 72 ^ 2H >« 

117.7, 115.4; MS 132 (M+l) A 7 7 ' 136J ' 132 9 » 132 6 '*» "0.6, 

comaimiigpotasslumcarbiJii^ to a 300 mL RB flask 

via a syringe pump over a period of dSa^eln^^ ? * ^ " nd » cetOM mL) 

126.9^.1. 70.6, SuJd. ai^swooST fc ^ 070 *• 4H); " C 5 152 - 6 « 

PolYmer jy A mixture of divinyl pyridine f0493 o_ 3 7« • ^ , 

0.05 g, 3.76 mmoIX triethyismine Q VmLlbisJ ZLL.2L2Ty I ''t dihcxwieca ^- 2 >* i <>*^^ 
mmol)and toluene (10 nu^Us hLS at ^7 O^C^5S2?°t? CBO) dicUoridc < 30 ««. « •*» 

toluene and poured into 600 mL tf .Sane to rivY^n^,?*^^ ^ meo di,Wed ™» 20 mL of 
suction filtration. Further purification bTsoxUe^^^^ precipitate was coUected by 

dark red solid (2.45 g.95%). ^iSSmiT?^^??^ ^ 24 hours aflbnled^ymtrta L 

-JSCS ^5S^^2!iS 3 7 * a797 * i2 " «■* 

and DMF (7.0 mL) was he«edTl3W^S^4^A ^ ^ 0 043 mmo, >- ^ ,ca « C7 0 mL) 
xylenes! poured into a flask conuumTg 6^ o£££ ^ZT*"* ^ d "S? d 10 * - 
sucnon filtntion and washed with m«hW RemoWoHe tSdu^S? S^ 8 * W " C0,I-Cted * 
or^ge solid in 97% yield. «H NMR (CDCA \ A ■ « Cthan ° l ^ P 01 ^" « bright 
187. 1.53. ,23. ,00*0.84,00 low ^ ?J *" 7 7 ' 4 " 56 ' 7 * 7 "' 7 ". 404. 
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Pointer 9bc A mixtur T3 (121.6 mg, 0.927 mmolX 5 (231.a ma.flLA mmcdX-7t» (3O7.^««t03t<3 
mmoiX triethylaimne (0.5 mLX psllsdjum dichloride(5.4 mg, 0.0304 mmol), tri(o-tolyl)phosphene (18.6 mg. 

0. 0304 mmoi% xylene (1.5' mL) and DMF (1.5 mL) w heated at 135*C. After 3 hour*, the formation of 
r yellow precipitate wu observed. Tho reaction mixture was then diluted with 3 mL of xylene ami poured into a 

flux containing 500 mL of acetone. Hie resulting yellow solid waa collected by suction filtration and washed 
with methanol. Removal of the residue methanol gave polymer 9b as bright yellow solid in 98% yield. *H 
NMR (CDCV) 6 8.73. 7.84-7.90, 7.41-7.51, 7.26, 7.05-7.14, 4.48, 4.26, 2.80, 1.77, 1.62, 1.24. 0.82^.85. 0.74. 
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In The Claims: 

1 . A light emitting polymeric material said light emitting polymeric material capable of producing 
electroluminescence upon being provided with a flow of electrons, said light emitting polymeric 
material comprising: 

a plurality of polymeric chains comprising polymeric chains each having substituent moieties of 
sufficient number and size and extending from said polymeric chain and about a substantial portion 
of the circumference about said polymer chain so as to maintain said polymeric chains in a 
sufficiently deaggregated state, so as to substantially prevent the redshifting of said 
electroluminescence and the lowering of light emission efficiency of said electroluminescence. 

2. A light emitting polymeric material according to claim 1 comprising polymeric chains selected 
from the group consisting of alternating and random copolymers, having the structure: 
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wherein m is the degree of polymerization; 

Y is selected from the group consisting of - CH 2 , 0, S, CO and NR 2 wherein R is an alkyl group 
containing 1 to 16 carbon atoms; 

A is selected from the group consisting of (ay „. (CH 2 CH 2 0) n , (CH 2 CH 2 0) n NR; wherein R is 
alkyl group containing 1 to 16 carbon atoms, and aryl groups having 6 to 14 carbon atoms; 
B is selected from the group consisting of (CH^, aryl groups having 6 to 14 carbon atoms, and 
calixarene having 18 to 200 carbon atoms; 

wherein u may be of a value independently selected from the group 1 to 6, inclusive; 
wherein w may be of a value independently selected from the group 1 to 6, inclusive; 
wherein n may be of a value independently selected from the group 0 to 6, inclusive; and 
wherein Z may be a structure selected from the group consisting of : 

YR 



a 




wherein R is an alkyl group containing 1 to 16 carbon atoms; 

wherein Y is selected from the group consisting of - CH 2 , O, S, CO and NR 2 wherein R is an alkyl 
group containing I to 16 carbon atoms; 
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Bis selected from the group consistine of (CU \ - i 

ns.st.ng of (CH^, aryl groups having 6 to 14 carbon atoms, and 

cahxarcnc having 18 to 200 carbon atoms; 

wherein u may be of a value independently »Wt~i t .u 

penaently selected from the group 1 to 6, inclusive; and 

wherein w may be of a value independently selected from the group 1 to 6. inclusive 

3- A light emitting polymeric material according to claim 1 wherein said polymer comprises 

polymeric chains selected from the group consisting of copolymers, having the structure: 




wherein R, is OC I6 H 33 and R 2 is C I0 H 20 . 

4. A light emitting polymeric materia, according to claim , wherein said polymeric materia, is 
further provided with a layer of an electron blocking polymer. 

5. A light omitting polymeric material according to claim 4 wherein said electron blocking polymer 
is selected from the group consisting of poly(vinylcarba 2 ole). 
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6. A light emitting polymeric material said light emitting polymeric material capable of producing 
electroluminescence upon being provided with a flow of electrons, said light emitting polymeric 
material comprising: 

a plurality of polymeric chains comprising polymeric chains each being provided with rotaxenes of 
sufficient number and size and extending from said polymeric chain and about a substantial portion 
of the circumference about said polymer chain so as to maintain said polymeric chains in a 
sufficiently deaggregated state, so as to substantially prevent the redshifting of said 
electroluminescence and the lowering of light emission efficiency of said electroluminescence. 

7. A light emitting polymeric material according to claim 6 wherein said polymeric material is 
further provided with a layer of an electron blocking polymer. 

8. A light emitting polymeric material according to claim 7 wherein said electron blocking polymer 
is selected from the group consisting of poly(vinylcarbazole). 

9. A light emitting device, said device comprising a light emitting polymeric material according to 
claim 1, and a source of electrical current so as to supply said electron transporting polymer with a 
flow ofelectrons. 
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10. A light emitting device, said device mm.-..- 

dev.ce compnsmg a light emitting polymeric material according 
to claim 2, and a source of electrical c.,r«.„» * 

' CUm:nt 503310 s ^ ™* ^ectron transporting poly mcr with 

a flow of electrons. 



n. A Mgn. .mining ^ said ^ a ught ^ ^ according 

«o Cam, 3. an, a source of eiectfca, cu™ » as t „ supply ^ electro „ ^ ^ 

a flow of electrons. 



■2. A light c™^ device, said deviM comprising a Hght emin . ng ^ accordjng 

.0 Cain, 4. and a source of Cectrica, cm™, so as to suppiv said eiectrou transporting poivmer with 
a flow of electrons. 



A Hgh, emitting device, said device comprising a .igh. emitting po.vn.edc maetiai according 
» chin, 5. and a source of e.ec«c. cuneu, so as to suppiy said Oection nansporting ^ with 
a flow of electrons. 



■4. A Hgh, .mining device . said devi „ , ^ ^ ^ 

-o Cairn 6. and a soume of electiica, c„ rrenl so as to s„ pplv ^ elttlron ^ ^ 

a flow of electrons. 
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15. A tight emitting device, said device comprising a light emitting polymeric material according 
to claim 7, and a source of electrical current so as to supply said electron transporting polymer with 
a flow of electrons. 

16. A light emitting device, said device comprising a light emitting polymeric material according 
to claim 8, and a source of electrical current so as to supply said electron transporting polymer with 
a flow of electrons. 

17. A light emitting device, said device comprising a light emitting polymeric material according 
to claim 1 , and a source of electrical current so as to supply said electron transporting polymer with 
a flow of electrons, said device selected from the group consisting of single layer,- bilayer and multi- 
layer light emitting devices. 

18. A light emitting device, said device comprising a light emitting polymeric material according 
to claim 6, and a source of electrical current so as to supply said electron transporting polymer with 
a flow of electrons, said device selected from the group consisting of single layer, bilayer and multi- 
layer light emitting devices. 
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